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(54) [Title of the Invention] 

Motor 
(57) [Abstract] 
[Problems] 

in a hybrid engine, when the rotor of an electric motor 
directly coupled to a wheel shaft rotates, a permanent magnet 
provided at the rotor causes an iron loss to occur to the stator 
of the electric motor, thereby decreasing output and heating 
the motor. 
[Solving Means] 

This invention can provide a high power, high efficiency 
motor including a rotor, in which a first rotor section 2 provided 
with a permanent magnet 6 is coupled to a second rotor section 
3 provided with a magnetic flux screen groove 11 to possess 
saliency in a rotary shaft direction, and a stator 21 supplied 
with a current and generating a field for driving the rotor. 
The rotary shaft of the rotor is rotated by an external rotation 
driving means . By making part of the rotor serve as a reluctance 
motor, the high output, high efficiency motor suppressing the 
occurrence of induced voltage and decreasing iron loss can be 
provided . 



[What is claimed is] 

[Claim 1] A motor comprising: a rotor having a first rotor 
section provided with a permanent magnet and a second rotor 
section provided with a magnetic flux screen groove so as to 
provide saliency, the first rotor section coupled to the second 
rotor S ectioninarotaryshaftdirection;andastatorgenerating 
a field for driving said rotor to be rotated by being supplied 
with a current, wherein the rotary shaft of said rotor is rotated 
by rotation driving means. 

[Claim 2] A motor, characterized in that a rotary .shaft of 
a rotor is rotated by a rotation driving means while no current 
flows in a stator. 

[Claim 3] The motor according to claim 1, characterized in 
that the first rotor section possesses saliency. 
[Claim 4] A hybrid engine comprising: a motor according to 
claim l; and an internal combustion engine as rotation driving 



means . 



[Claim 5] The motor according to claim 1. characterized in 
that the first rotor section and the second rotor section are 
coupled to each other in the rotary shaft direction, and a 
nonmagnetic member is interposed between the first rotor section 

and the second rotor section. 

[Claim 6] The motor according to claim 1, characterized in 
that the first rotor section is interposed between a plurality 



. in 



of the second rotor sections. 

[Claim 7] The motor according to claim 1, characterized, 
that the first rotor section and the second rotor section are 
combined so that a phase of the first rotor section for generating 
maximum torque is the same as a phase of the second rotor section 
for generating maximum torque. 

[Claim 8] The motor according to claim 1, characterized in 
that the first rotor section and the second rotor section are 
coupled to each other in the rotary shaft direction , and a magnetic 
resistance layer narrower on an outside of the rotor than on 
a rotary shaft side is interposed between the first rotor section 
and the second rotor section. 

[Claim 9] A hybrid engine comprising: a rotor provided with 
a magnetic flux screen section so as to provide saliency; and 
a stator supplied with a current and generating a field for driving 
said rotor , a rotary shaft of said rotor is rotated by an internal 
combustion engine while no current is supplied to a stator. 
[Claim 10] An electric automobile comprising the hybrid engine 

according to claim 4 or 9 . 

[Claim 11] The electric automobile according to Claim 10, 
characterized in that a rotor of the mother is fixed to a driving 
shaft of wheels. 

[Detailed Description of the Invention] 
[0001] 

The present invention relates to a synchronous motor. 



[0002] 

[Technical Field of the Invention] 

It is conventionally normal to employ, as a motor, an 
internal combustion engine for an automobile. Recently, the 
problems of air pollution, global warming and the like surface. 
From the viewpoint of coexistence with global environment, 
therefore, a hybrid automobile having a motor combining a 
gasoline/diesel engine and an electric motor has been studied, 
in this hybrid automobile , only when load has great change during, 
for example, engine start or acceleration, the motor assists 
in the engine, or by driving the engine only by the motor, engine 
load is reduced. In a traveling state in which the engine load 
is in a stationary state, the supply of a current to the motor 
is stopped and the engine is efficiently used, thereby enabling 
low fuel consumption. Besides, exhaust gas can be made clean. 
[0003] 

[Problems that the Invention is to Solve] 

As the hybrid engine of this type, it is suitable to employ 
a small size, high power, highly efficient permanent magnet 
embedded motor. However, if the rotor of an electric motor 
directly coupled to a driving shaft is rotated, induced voltage 
is generated by the permanent magnet provided at the rotor . This 
induced voitage .i.e., magnetic flux interlinking a stator causes 
iron loss to occur to the stator of the electric motor. The 
iron loss particularly occurs even if no current is supplied 



to the motor, and is disadvantageous^ followed by the problems 
of the decrease o£ engine power and the decrease of rated power 
derived from the heat emission of the motor. 
[0004] 

During constant load traveling with high efficiency in 
gasoline engine, in particular, a power supply to the electric 
motor is turned off and the motor is driven to rotate only by 
th e gasoline engine. Due to this, the rotor of the electric 
mo tor rotates at high speed in accordance with the rotation 
driving of the engine . Such an operation has high induced voltage , 
thereby increasing iron loss in the stator of the electric motor . 
[0005] 

Further, in light of only the suppression of the induced 
motor, if the electric motor is not driven, the driving shaft 
ma y be disconnected from the rotor of the electric motor using 
a clutch or the like to provide a state in which even if wheels 
rotate , the rotor of the electric motor stops . If so , however , 
a mechanism and mechanism control become complicated and a large 
space for providing the mechanism is required. An electric 
automobile has a problem that large indoor space of the electric 
automobile is taken while the size and weight of the electric 
automobile are decreased. It is, therefore, difficult to make 
a driving system including the electric motor large in size. 
[0006] 

The present invention has been made to solve the 



above-stated problems . It is an obj ect of the present invention 
to provide a small size, high power, highly efficient motor 
capable of suppressing induced voltage from occurring to an 
electric motor and decreasing iron loss when a rotary shaft is 
rotated by an external force. 
[0007] 

[Means of Solving the Problems] 

The present invention provides a motor comprising : a rotor 
having a first rotor section provided with a permanent magnet 
and a second rotor section provided with a magnetic flux screen 
groove so as to provide saliency , the first rotor section coupled 
to the second rotor section in a rotary shaft direction; and 
a stator generating a field for driving the rotor to be rotated 
by being supplied with a current, wherein the rotary shaft of 
the rotor may be rotated by an external rotation driving means. 
By making part of the rotor function to serve as a reluctance 
motor, it is possible to decrease the quantity of the permanent 
magnet and to suppress the occurrence of induced voltage. 
[0008] 

[Modes for Carrying out the Invention] 

A motor comprising: a rotor having a first rotor section 
provided with a permanent magnet and a second rotor section 
provided with a magnetic flux screen groove so as to provide 
saliency, the first rotor section coupled to the second rotor 
section in a rotary shaft direction ^ and a stator generating 



a field for driving the rotor to be rotated by being supplied 
with a current, wherein the rotary shaft of the rotor is rotated 
by an external rotation drivingmeans . Namely , even if the rotary 
shaft is rotated by the external force, part of the rotor is. 
used as a reluctance motor , thereby making it possible to reduce 
the quantity of the permanent magnet, to suppress the occurrence 
of the induced voltage and to reduce iron loss. Also, even if 
the motor forms a rotating magnetic field by a current supplied 
to the stator and the rotor is driven to rotate, a high power, 
highly efficient motor can be realized since the permanent magnet 
is provided. It is noted that this magnetic flux screen section 
is a magnetic flux resistance such as a nonmagnetic member or 
a low magnetic member for canceling ineffective magnetic flux 
due to the reaction of an armature. 
[0009] 

Further , a rotary shaft of a rotor is rotated by a rotation 
driving means while no current flows in a stator. Due to this, 
the rotor fixed to the rotary shaft rotates in accordance with 
the rotation driving means. 
[0010] 

in addition, the first rotor section possesses saliency 
because the permanent magnet is embedded, and the first rotor 
section can utilize not only magnet torque but also reluctance 
torque . 
[0011] 



Moreover, by providing a hybrid engine comprising a motor 
and an internal combustion engine as rotation driving means, 
it is possible to provide a low fuel consumption engine while 
using the advantage of the motor and that of the internal 
combustion engine. 
[0012] 

Further, the first rotor section and the second rotor 
section are coupled to each other in the rotary shaft direction, 
and a nonmagnetic member is interposed between the first rotor 
section and the second rotor section. By doing so, the first 
rotor section and the second rotor section are independent of 
each other in magnetic characteristic, facilitating the design 
of the rotor. 
[0013] ■ 

Furthermore, if the first rotor section is interposed 
between a plurality of the second rotor sections, magnetic and 
mechanic balances can be held. 
[0014] 

Moreover, the first rotor section and the second rotor 
section are combined so that a phase of the first rotor section 
for generating maximum torque is the same as a phase of the second 
rotor section for generating maximum torque. High torque can 
be, therefore, realized. 
[0015] 

In addition, the magnetic resistance layer is narrower 



on the rotor outside diameter side than on the rotary shaft side . 
Due to this , by carrying magnetic flux from the permanent magnet 
provided at the first rotor section to the outer periphery of 
the second rotor section along the magnetic flux screen section, 
the distribution of the magnetic flux outputted to the outer 
periphery of the second rotor section has a sine shape, torque 
change is small and controllability can improve. 
[0016] 

Furthermore, a hybrid engine comprises: a rotor provided 
with a magnetic flux screen section so as to provide saliency; 
and a stator supplied with a current and generating a field for 
driving the rotor, a rotary shaft of the rotor is rotated by 
an internal combustion engine while no current is supplied to 
a stator . Since the rotor is not provided with a permanent magnet , 
it is possible to provide a hybrid motor which does not generate 
induced voltage when the motor is not applied with no current 
and which does not generate iron loss when the motor is not applied 
with a current. It is noted that this magnetic flux screen 
section is amagnetic flux resistance such as a nonmagnetic member 
or a low magnetic member for canceling ineffective magnetic flux 
due to the reaction of an armature. 
[0017] 

Additionally, by directly coupling the rotor of the motor 
to the driving shaft of the wheels, it is possible to provide 
a small size , high output hybrid engine for an electric automobile 



without increasing the number of parts. 
[0018] 

[Embodiments] 

(Embodiment 1) . In Embodiment 1, a hybrid engine 
combining a gasoline engine and an electric motor used by an 
electric automobile is shown . In case of the electric automobile 
having the hybrid engine of this type, the electric motor or 
the electric motor and the gasoline engine are used during engine 
start and acceleration, and the gasoline engine is used during 
stable traveling with constant load, whereby a low fuel 
consumption electric automobile taking advantage of the gasoline 
engine and the electric motor is provided. 
[0019] 

First, the electric motor has a rotor in which the first 
rotor section 2 having a permanent magnet to allow the first 
rotor section 2 to possess saliency is coupled to second rotor 
sections 3 each having a plurality of slits to allow the second 
rotor sections 3 to possess saliency, respectively in a rotary 
shaft direction, thereby allowing the iron loss of a stator to 
be decreased and making the electric motor small in size. 
[0020] 

As shown in FIG. 1, the first rotor section 2 and the two 
second rotor sections 3 are fixed to the same rotary shaft 4 
and the first rotor section 2 is put between the second rotor 
section 3. Also, a nonmagnetic member 5 is interposed between 
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the first rotor section 2 and the second rotor sections to allow 
the first rotor section 2 to be coupled to the second rotor sections 
3 in a magnetically independent manner. 
[0021] 

As shown in FIG . 2, the first rotor section 2 has slit 
portions provided on the four poles of the first rotor section 
2 . The slit sections are formed by building up electromagnetic 
steel plates and have end portions proximate to the outer 
periphery of rotor section 2 in a convex shape along the rotary 
shaft 4.. A permanent magnet 6 is embedded in the slit portions . 
This permanent magnet 6 is not equal in size to the slit portions 
and a cavity portion 7 is, therefore, formed between each end 
portion of the permanent magnet 6 and each end portion of each 
slit section. Resin or the like may be embedded in the slit 
portions 7 . The first rotor section 2 possesses saliency because 
of the permanent magnet 6 and the cavity portions 7 . The first 
rotor section 2 generates reluctance torque and magnet torque 
(magnet torque > reluctance torque) synchronously with amagnetic 
field generated by a stator. A penetrating hole is provided 
between the rotary shaft 4 and the slit portions. A plurality 
of electromagnetic steel plates are fixed to the penetrating 
hole by rivet pins 8 or fastening means such as bolts. 
[0022] 

As shown in FIG . 3 , the second rotor section 3 has aplurality 
of slits 11 formed by building up electromagnetic steel plates , 



each formed in a convex shape along the rotary shaft 4 and having 
end portions proximate to the outer periphery of the second 
rotation section 3, thereby allowing the second rotor section 
3 to possess saliency . It is noted that the slits 11 are cavities 
penetrating in the rotary shaft direction . Resin or a magnetic 
flux resistor such as a low magnetic member may be embedded into 
the slits . The second rotor section 3 possesses saliency because 
of the slits 11 and is driven to rotate only by reluctance torque 
synchronously with a magnetic field generated by the stator. 
Since the second rotor section 3 is not provided with a permanent 
magnet which is a magnetic member , no magnet torque is generated . 
[0023] 

In case of the rotor in this embodiment, the second rotor 
sections 3 are coupled to the both end faces of the first rotor 
' section 2 through the nonmagnetic member 5, respectively. The 
first rotor section 2 and the second rotor sections 3 are fixed 
to the same rotary shaft, so that the first rotor section 2 and 
the second rotor sections 3 rotate integrally with one another. 
[0024] 

A stator 21 around which a winding 22 is wound is provided 
outside of the rotor. By applying a current to the winding 22, 
a magnetic field for driving the rotor to rotate is generated. 
[0025] 

The electric motor constituted as stated above drives the 
rotor to rotate by applying, a current to the stator . It is noted 
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that the first rotor section 2 and the second rotor sections 
3 are coupled to coincide the maximum torque phase of the first 
rotor section 2 with those of the second rotor sections 3 , thereby 
further intensifying torque with the same current being applied . 
As shown in FIG. 4, the first rotor section has maximum torque 
with an electrical angle of 20° (a) and the second rotor sections 
have maximum torque with an electrical angle of 45° (b) . The 
rotor assembled in such a manner that the second rotor sections 
were shifted to by 15° to allow them to have a maximum torque 
with an electrical angle of 30° was regarded as (c) . By so 
constituting the rotor, it is possible to increase the output 
torque of the electric motor. Reference (d) shows a case where 
the first rotor section and the second rotor sections are combined 
to coincide the slit positions of the first rotor section with 
those of the second rotor sections , i.e., a case where the first 
rotor section and the second rotor sections are coupled in a 
state in which the maximum phase of the first rotor section is 
not coincident with those of the second rotor sections. As can 
be seen from FIG. 4, the maximum torque of (c) increases compared 
with that of (d) . 
[0026] 

FIG. 5 shows the constitution of the driving system of 
an electric automobile using a hybrid engine . The hybrid engine 
in which an electric motor 21 is coupled to a gasoline engine 
22, which is an internal combustion engine, is constituted such 
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that a driving shaft 23 is directly coupled to the rotary shaft 
of the motor 21 and that this driving shaft 23 is coupled to 
the gasoline engine 22 through a clutch 24 or the like. When 
the driving shaft 23 rotates , wheels 26 rotate through a deflector 
25. The driving system of this type can rotation-drives the 
electric motor 21 and the gasoline engine 22 while coupling them 
to each other and also can disconnect the gasoline engine 22. 
However, even if the driving shaft 23 is rotated by the gasoline 
engine, the rotor of the electric motor rotates whether or not 
a current is applied to the stator of the electric motor 21 when 
the gasoline engine 22 performs rotation-driving. This is 
because the driving shaft 23 is identical with the rotary shaft 
4 of the electric motor. 
[0027] 

During constant load traveling during which the hybrid 
gas engine has good fuel consumption, the rotor is driven to 
rotate only by the gasoline engine. At this moment, no current 
is applied to the electric motor. However, since the rotor 1 
of the electric motor is fixed to the rotary shaft 4 which is 
identical with the driving shaft, the rotor 1 of the electric 
motor rotates in accordance with the rotation driving of the 
gasoline engine when the rotor is driven only by the gasoline 

engine . 

[0028] 

Since the electric motor in this embodiment performs 



rotation-driving using not only the magnet but also reluctance 
torque, the quantity of the permanent magnet 6 is small compared 
with the magnitude of output torque . That is , induced voltage 
generated when the rotor rotates is low and the iron loss generated 
at thestator21is, therefore, small. The reason is as follows . 
The induced voltage is generated by a change in interlinking 
magnetic flux due to the movement of the permanent magnet provided 
at the rotor. The electric motor in this embodiment is 
characterized in that interlinking magnetic flux is small 
compared with that of a conventional permanent magnet synchronous 
motor performing rotation driving only by the magnet torque of 
a permanent magnet attached to the surface of the rotor . Although 
the interlinking magnetic flux decreases, it is possible to 
obtain equivalent rotation driving torque for that of the 
conventional electric motor by erluctance torque because of the 
rate of the saliency of the second rotor sections 3 and that 
of the first rotor section 2. 
[0029] 

If attention is paid only to the suppression of the 
generation of induced voltage, it is preferable that the rotor 
having nonmagnetic section is provided so that the rotor of the 
electric motor possesses saliency and is driven to rotate only 
by reluctance torque . In other words , even if the rotary shaft 
is rotated by the gasoline engine while no current is applied 
to the motor, the induced voltage does not occur since the rotor 



is not provided with a permanentmagnet . With such a constitution , 
however, if the same output torque as that of a convention 
permanent magnet synchronous motor performing rotation driving 
using magnet torgue is obtained, the size of the eieotric motor 



increases . 
[0030] 



in case of a present automobile, it is desired that the 
size of the automobile itself is small and that the interior 
space of the automobile is widened. Due to this, it is not 
preferable that the electric motor becomes too large in size 
to reduce the interior space. In view of this, b Y using the 
rotor in which the first rotor section 2 having a permanent magnet 
is coupled to the second rotor sections 3 having a magnetic flux 
screen section to posses saliencv, it is possible to reduce the 
size of the electric motor and reduce the induced voltage 
generated . 
[0031] 

m this embodiment, the second rotor sections 3 may be 
either synchronous motors or axial lamination motors as long 
as they are reluctance motors. Also, while the first rotor 
section is put between the two second rotor sections in Embodiment 

1 . a single first rotor section may be coupled to a single second 

rotor section. 

1 Furt her . even if the rotary shaft is rotated by the gasoline 
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engl „e. iron loss disadvantageous^ occur,. According. to the 
present invention, even if wheels rotate on a downward path, 
it is possible to suppress the generation of iron loss . Besides . 
t he internal combustion engine is not limited to the gasoline 
engine but may be a diesel engine or a natural gas engine. 
[00331 

Further, FIG. 6 shows another configuration of the first 
rotor section . As shown in FIG . 6 (a) , a surface permanent magnet 
maY be attached to the first rotor section . FIG . shows another 

embodiment showing another combinationof the first rotor section 

and the second rotor section. 

[0034] 

.Embodiment 2, Embodiment 2 differs from Embodiment 
1 in that in case of an electric motor in Embodiment 2, the 
t hicKness of a nonmagnetic member 31 is gradually smaller from 
a rotary shaft toward the outside of the rotor and the axial 
w idth of the first rotor section is gradually larger from the 
ro tary shaft toward the outside diameter side of the rotor. The 
remaining constitution is the same as that of Embodiment 1. 

1003 ^ fig 8 shows a partially enlarged sectional view showing 
a coupling portion between the first rotor section 32 and the 
second rotor section 33. The first rotor section 32 has a 
permanent magnet 34 embedded thereinto. In this case, the 
permanent magnet 3, is embedded into a rotary shaft 35 in a convex 
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shap e. ^ the first -or section 3, possesses — , 
The second rotor section 33 has a plural of slits 3, 1- a 
circular arc state at the rotary shaft 3, in a convex 

shape so that the second ^ section 33 possesses saliency. 

ft nonmagnetic -e, 3i intense, ^ the ,0,0, 

shaft side and narrower -a. the outside of the rotor. The 
out ermost magnetic passage 37a is direct copied to the 

£ir st rotor section 3, and t h e magnetic flux o £ t h e first - 
section 32 flows in the magnetic flux passage 37a. 



[00361 

In 



thi s embodiment. b y changing only the thicKness of the 
^agnetic^e^i.^neticfiuxisoa^ied^the 

p ermanent magnet 3, to the respective magnetic flux passages 
o£ t he second ^ section 33 while changing the guantity of 
themagneticflux. It is noted that the first — ,c mem b er 
is m ade thic. so as not to carry magnetic flu, generated fro, 
the permanent magnet of the first rotor section to the second 

section are designed independently of each other. The 
uonmagnetic member in pediment 2 , b y contrast, is thinner than 
th e nonmagnetic member in Sediment 1 since the magnetic flux 
gen erated fro, the percent magnet 3, is positively utilised. 

""'.he guantity of the magnetic flu. generated from the 



permanent » g net 3, and ao.i, in the — «<» 
37a 37b 37c, 37d. 37e and 37f of the second rotor section 33 
is inverses proportion.! to the thickness of the —tic 
m ember 31 and egu a l to the magnitudes of arrows shown in FIG. 
8 The quantity of the magnetic flux flowing in the magnetic 
flux passage 37 on the rotary shaft side is small. That is, 
since the thicKness of the nonmagnetic -e, 31 is larger on 
th e rotary shaft side and this thicxness of the nonmagnetic member 
31 serves as a magnetic flux resistance, the guantity of the 
m agnetic flux flowing in the magnetic flux passage 37 on the 

member 31 is thinner on the outside of the rotor and the guantity 
of th e magnetic flux flowing in the magnetic flux passage outside 
o£ the rotor is large. That is, as shown in FIG . 9. when magnetic 
flux generated from the permanent magnet 34 flows in the magnetrc 
flux passage 37 of the second rotor section, the guantity of 
th e magnetic flux is larger in the magnetic flux passage 37a 
at the center of the magnetic pole and smaller in the passage 
37 f In other words, the distribution of the magnetic flux of 
a gap s generated from the second rotor section has a sine shape. 

100381 If magnet torgue occurs to the second rotor section, the 
distribution of the magnetic flux from the second rotor section 
h as a sine shape, so that torgue variation is small, 
controllability improves and stable rotation driving can be 
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thereby realized. 
[0039] 

[Advantage of the Invention] 

According to the invention recited in claims 
of the present application, it is possible to provide a small 
size motor capable of suppressing the occurrence of induced 
voltage and the occurrence of iron loss. 
[0040] 

According to the Invention recited in claim 4, it is 
possible to suppress induced voltage fro. occurring to the motor 
applied with no current while the rotor is driven by the engine, 
thereby suppressing iron loss and maKing it possible to realize 
low fuel consumption. 

\ he invention recited in claims 5 and 6 can facilitate 
designing the first rotor and the second rotor. 

' Th e invention recited in claim 7 can further increase the 
output torgue of the motor . According to the invention recited 
in claim 8. the magnetic flux generated from the second rotor 
section is a sine wave, torque variation is small, 
controllability improves and stable rotation driving can be 



realized . 
[0043] 



The invention recited in claim 9 can provide a hybrid engine 
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free from the occurrence of induced voltage. 
[0044] 

The invention recited in claims 10 and 11 can provide a 
low fuel consumption electric automobile. 
[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a cross-sectional view of a motor in 
Embodiment 1 . 

[FIG. 2] FIG. 2 shows the first rotor section in Embodiment 
1 . 

[FIG. 3] FIG. 3 shows the second rotor section in Embodiment 
1 . 

[FIG. 4] FIG. 4 is a characteristic view showing the 
characteristic of the torque of the motor in Embodiment 1. 
[FIG. 5] FIG. 5 is a block diagram of the driving system of 
an electric automobile in Embodiment 1. 

[FIG. 6] FIG. 6 shows the first rotor section in another 
embodiment . 

[FIG. 7] FIG . 7 is a cross-sectional view of a rotor in another 
embodiment . 

[FIG. 8] FIG. 8 is a cross-sectional view of the rotor in 
Embodiment 2 . 

[FIG. 9] FIG. 9 shows the magnetic flux distribution of the 
second rotor section. 
[Description of Reference Symbols] 
2 first rotor section 




3 second rotor section 

6 permanent magnet 

11 magnetic flux screen groove 

21 stator 
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< Translation of drawings > 

FIG. 5 1: engine; 2: transmission/clutch; 3: motor; 4: 

inverter; 5: battery; 6: deflector 

FIG. 1 1: first rotor section; 2: second rotor section; 

3: nonmagnetic member; 4: permanent magnet; 5: stator 
FIG. 4 6: torque; 7: electrical angle 

FIG. 8 1: nonmagnetic material; 2: first rotor section; 

3 : second rotor section 
FIG. 9 4: gap 
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